Association between ideal cardiovascular health metrics and suboptimal health status in Chinese population by Wang, Youxin et al.
Edith Cowan University 
Research Online 
ECU Publications Post 2013 
2017 
Association between ideal cardiovascular health metrics and 
suboptimal health status in Chinese population 
Youxin Wang 
Xiaoxue Liu 
Jing Qiu 
Hao Wang 
Di Liu 
See next page for additional authors 
Follow this and additional works at: https://ro.ecu.edu.au/ecuworkspost2013 
 Part of the Medicine and Health Sciences Commons 
10.1038/s41598-017-15101-5 
Wang, Y., Liu, X., Qiu, J., Wang, H., Liu, D., Zhao, Z., ... & Wang, W. (2017). Association between Ideal Cardiovascular 
Health Metrics and Suboptimal Health Status in Chinese Population. Scientific Reports, 7(1), 14975. Available here 
This Journal Article is posted at Research Online. 
https://ro.ecu.edu.au/ecuworkspost2013/3691 
Authors 
Youxin Wang, Xiaoxue Liu, Jing Qiu, Hao Wang, Di Liu, Zhongyao Zhao, Manshu Song, Qiaofeng Song, 
Xizhu Wang, Yong Zhou, and Wei Wang 
This journal article is available at Research Online: https://ro.ecu.edu.au/ecuworkspost2013/3691 
1SCIENTIfIC REPORtS | 7: 14975  | DOI:10.1038/s41598-017-15101-5
www.nature.com/scientificreports
Association between Ideal 
Cardiovascular Health Metrics 
and Suboptimal Health Status in 
Chinese Population
Youxin Wang1, Xiaoxue Liu2, Jing Qiu3, Hao Wang1, Di Liu1, Zhongyao Zhao1, Manshu Song1, 
Qiaofeng Song2, Xizhu Wang2, Yong Zhou4 & Wei Wang  1,5
Suboptimal health status (SHS) is a physical state between health and illness, and previous studies 
suggested that SHS is associated with majority components of cardiovascular health metrics defined by 
American Heart Association (AHA). We investigated the association between SHS and cardiovascular 
health metrics in a cross-sectional analysis of China suboptimal health cohort study (COACS) consisting 
of 4313 participants (60.30% women) aged from 18 to 65 years old. The respective prevalence of SHS is 
7.10%, 9.18%, 10.04% and 10.62% in the first, second, third and fourth quartiles of ideal cardiovascular 
health (CVH) metrics (P for trend = 0.012). Participants in the largest quartile of ideal CVH metrics show 
a lower likelihood of having optimal SHS score compared to those in the smallest quartile (odds ratio 
(OR), 0.43; 95% confidence interval (CI), 0.32–0.59), after adjusting for age, gender, marital status, 
alcohol consumption, income level and education. Four metrics (smoking, physical inactivity, poor 
dietary intake and ideal control of blood pressure are significantly correlated with the risk of SHS. The 
present study suggests that ideal CVH metrics are associated with a lower prevalence of SHS, and the 
combined evaluation of SHS and CVH metrics allows the risk classification of cardiovascular disease, 
and thus consequently contributes to the prevention of cardiovascular diseases.
SHS is a physical state between health and disease, and is characterized by the perception of health complaints, 
general weakness and low energy, and is regarded as a subclinical, reversible stage of chronic health condition1. 
Recently, suboptimal health status (SHS) has become a new public health challenge global wise. SHS shares simi-
lar conditions such as unexplained medical syndrome (UMS), chronic fatigue syndrome (CFS), myalgic encepha-
lomyelitis (ME), post-viral fatigue syndrome (PVFS) or chronic fatigue immune dysfunction syndrome (CFIDS)2. 
UMS was reported to be a cause of frequent healthcare usage and account for 20–50% increase in outpatient costs 
and 30% increase in admission rates in United Kingdom3. In China, with the acceleration of rhythms of work 
and life styles together with the worsening of environmental and pollution, the prevalence of SHS continues to 
increase, and has been reported that 17.8–60.5% of people currently suffer from SHS4–6.
The SHS encompasses 5 characteristics: fatigue, the cardiovascular system, the digestive tract, the immune 
system and mental status1. In a cross-sectional study conducted in workers employed in urban Beijing, we 
demonstrated that SHS is associated with cardiovascular risk factors and contributes to the development of car-
diovascular disease7. In a cross-sectional study of Chinese students, SHS was showed to be correlated with life-
style factors, including physical activity, health responsibility, spiritual growth, interpersonal relations and stress 
management8. Poor work-recreation balance and irregular breakfast eating habits were reported to be associated 
with increased risk for SHS in a cross-sectional study conducted in southern China9,10. In a community-based 
cross-sectional study conducted in Russia, SHS is showed to be associated with endothelial dysfunction, 
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suggesting integration of suboptimal health status and endothelial dysfunction can be applied to routine screen-
ing for risks of cardiovascular diseases11. These studies suggest that SHS might contribute to the occurrence 
of non-communicable chronic diseases (NCD), especially cardiovascular diseases. In order to investigate the 
causative effect of SHS in NCD, we initiated the China Suboptimal Health Cohort Study (COACS), a longitudinal 
study starting from 201312. The pilot results of COACS showed that risk factors for chronic diseases such as soci-
oeconomic status, marital status, education, physical activity, salt intake, systolic blood pressure (SBP), diastolic 
blood pressure (DBP) and total cholesterol (TG) differed significantly between subjects of SHS (SHS score ≥35) 
and those of ideal health (SHS score <35)12.
Taken together, these studies indicated that SHS is associated with majority of cardiovascular health metrics 
defined by American Heart Association (AHA)13. AHA has defined seven behaviors and risk factors (smoking 
status, body mass index (BMI), physical activity, healthy dietary score, TC, blood pressure and fasting blood glu-
cose (FBG)) as health metrics and created three stages for each metric to reflect poor, intermediate, and ideal car-
diovascular health status13. A prospective cohort study including 42,847 men in America indicated that majority 
of cardiovascular events may be preventable through adherence to healthy lifestyle practices14 and another study 
showed that the number of ideal cardiovascular health (CVH) metrics is a strong predictor of cardiovascular 
disease and mortality15.
CVH and SHS are both associated with risk of cardiovascular disease, suggesting that they might be associated 
or interacted. In this study, we conducted a cross-sectional analysis to explore the potential association between 
ideal CVH metrics and SHS in Chinese population of COACS from the perspective of preventive, predicative and 
personalized medicine (PPPM).
Results
The basic characteristics of participants regarding the scores of ideal CVH metrics are summarized in Table 1. 
Age, gender, education level, alcohol use, smoking, physical activity, diet, total cholesterol, blood pressure, fasting 
blood glucose and BMI distribution were different among the four quartile of CVH (P for trend <0.001). The 
prevalence of SHS is statistically different in quartiles of ideal CVH metrics (P for trend = 0.012).
Table 2 shows the associations between SHS with the summary score of ideal CVH metrics. Overall, partic-
ipants who gave higher score of ideal CVH metrics had a lower SHS score (OR, 0.64; 95% CI, 0.49–0.85) when 
compared those in the largest quartile to those in the smallest quartile of the summary score of CVH), and the 
association remained statistically significant when age, gender, marital status, alcohol consumption, income level, 
and education were adjusted (OR, 0.43; 95% CI, 0.32–0.59). In addition, stratified analyses indicated that such 
negative association is stronger in the male than that in the female, as well as stronger in participants older than 
45 years than those younger than 45 years old.
The associations between SHS with each CVH metric are listed in Table 3. Never or quit-smoking >12 
months, ideal physical activity and ideal dietary intake were significantly associated with the decreased risk of 
SHS (OR, 0.70 (95% CI, 0.50–0.99), 0.68 (0.54–0.86) and 0.31 (0.22–0.45) for never or quit-smoking >12 months, 
ideal physical activity and ideal dietary intake, respectively) after adjusting for age, gender, marital status, alcohol 
use, income level, education level, and other 6 ideal cardiovascular metrics. However, compared to those with 
intermediate control of blood pressure (SBP 120–139 mmHg or DBP 80–89 mmHg or treated to goal), ideal blood 
pressures was showed to associate with increased risk of SHS (OR, 1.49; 95% CI, 1.17–1.89) in the full adjusted 
model. The association between SHS and other CVH metrics (BMI, total cholesterol, fasting blood glucose) were 
not statistically significant. Stratified analyses showed that the negative correlation of SHS with ideal dietary 
intake and positive correlation with ideal blood pressure are consistent in men and women and also across differ-
ent age groups (Table 3).
Discussion
To our knowledge, this study is the first attempt to explore the association between SHS and ideal CVH metric 
score. Subjects in the highest quartile of the ideal CVH metric summary score have a 57% reduced OR of hav-
ing SHS compared to those in the lowest quartile. We also found that never or quit-smoking >12 months, ideal 
physical activity and ideal dietary intake are independently protective factor of SHS, while ideal control of blood 
pressure is risk factor of SHS.
The main findings in the present study are that ideal CVH metric score is negatively correlates with SHS score 
in a large population. This association is independent of the known confounding factors, i.e., age, gender, educa-
tion level, married and alcohol drinking. It suggests that increasing ideal CVH metric score is a new independent 
protection factor of SHS (besides the already existing list of factors, such as age, gender, marital status, alcohol 
consumption, income level, and education), and can be applied as parameters to further address the biological 
characteristics of SHS. Moreover, it can be proposed that intervention on SHS together with maintaining ideal 
CVH may be a joint effective way for the prevention of cardiovascular disease from the perspective of PPPM.
Consistent with our previous study7 and other studies which reported that unhealthy lifestyle determined 
by the Health-promoting Lifestyle Profile (HPLP-II), work-recreation balance and breakfast eating habits were 
also reported to be associated with SHS in multiple studies8–10,16, healthy diet intake is associated with a lower 
risk of suffering SHS, and smoking or physical inactivity are associated with risk of SHS. Taken together, health 
behaviors play important roles in contributing to the association between SHS and risk of cardiovascular events.
The present finding that intermediate control of blood pressure negatively correlates with SHS score is incon-
sistent with our previous study that blood pressure is elevated in the participants with higher SHS score. A 
cross-sectional study conducted in Samara of Russia showed that blood pressures are not statistically correlated 
with SHS score (beta = 0.069, p = 0.199 and beta = −0.040, p = 0.416 for SBP and DBP, respectively)10. These 
inconsistencies remain unexplained, but there are 3 possible explanations. Firstly, internal correlation among 
CVH and confounding factor may lead to the inconsistent association. For example, high levels of physical 
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activity and current smoking status had negative relations to overweight or obesity17, and there was report that 
systolic blood pressure markedly declined from non-smokers to smokers18. Secondly, the subjects of hypertension 
had been excluded from the recruitment, might leading to that the measures of blood pressure and triglycerides 
were slightly lower in subjects of SHS than those of health12. Finally, abnormalities of blood pressure variability 
might be characteristic of SHS. In concept, SHS covers confoundedly the symptoms of CFS, which is a medical 
condition characterized by long-term fatigue and other symptoms that limit a person’s ability to carry out ordi-
nary daily activities19. Abnormalities of blood pressure variability occurs in CFS20,21, and even lower blood pres-
sure and abnormal diurnal blood pressure regulation occur in patients with CFS18. Summarily, the inconsistent 
Characteristic
Ideal Cardiovascular Health Metrics§
P for 
tend
Quartile 1 
(n = 1121)
Quartile 2 
(n = 797)
Quartile 3 
(n = 959)
Quartile 4 
(n = 1436)
Age (years) 37.48 ± 10.85 36.80 ± 10.72 36.05 ± 10.21 37.12 ± 10.31 0.016
Male (%) 869(77.52) 412(51.69) 356(37.12) 357(24.86) <0.001
Married status(yes) 1008(89.92) 709(88.96) 846(88.22) 1284(89.42) 0.6411
Income, ¥/month* <0.001
  ≤¥3000 395(35.91) 284(36.41) 288(30.51) 426(29.98)
  ¥3001–5000 629(57.18) 431(55.26) 562(59.53) 887(62.42)
  ≥¥5001 76(6.91) 65(8.33) 94(9.96) 108(7.60)
Education level <0.001
  Illiteracy/primary 21(1.87) 16(2.01) 21(2.19) 14(0.97)
  Middle school 352(31.40) 227(28.48) 230(23.98) 373(25.97)
  College/University 748(66.73) 554(69.51) 708(73.83) 1049(73.06)
Alcohol use <0.001
  Yes 51(4.55) 7(0.88) 11(1.15) 9(0.63)
  No 1070(95.45) 790(99.12) 948(98.85) 1427(99.37)
Smoking <0.001
  Ideal (never) 436(38.89) 602(75.53) 860(89.68) 1416(98.61)
  Intermediate (former) 11(0.98) 4(0.50) 6(0.63) 2(0.14)
  Poor(current smoker) 674(60.12) 191(23.96) 83(8.65) 18(1.25)
BMI <0.001
Ideal(<25 kg/m2) 497(44.34) 559(70.14) 754(78.62) 1318(91.78)
  Intermediate(25–29.99 kg/m2) 520(46.39) 218(27.35) 201(20.96) 117(8.15)
  Poor (≥30 kg/m2) 104(9.28) 20(2.51) 4(0.42) 1(0.07)
Physical activity <0.001
  Ideal⊕ 269(24.00) 264(33.12) 385(40.15) 1136(79.11)
  Intermediate☆ 120(10.70) 96(12.05) 118(12.30) 139(9.68)
Poor (0 min/wk) 732(65.30) 437(54.83) 456(47.55) 161(11.21)
Diet <0.001
  Ideal (3–4 of components) 109(9.72) 97(12.17) 187(19.50) 615(42.83)
Intermediate(2 of components) 517(46.12) 466(58.47) 676(70.49) 722(50.28)
  Poor (0–1 of components) 495(44.16) 234(29.36) 96(10.01) 99(6.89)
Total cholesterol <0.001
  Ideal (<200 mg/dl) 753(67.17) 661(82.94) 846(88.22) 1335(92.97)
Intermediate (200–239 mg/dl) 368(32.83) 136(17.06) 113(11.78) 101(7.03)
Blood pressure <0.001
  Ideal (<120/80 mmHg) 294(26.23) 372(46.68) 576(60.06) 1083(75.42)
  Intermediate (SBP129–139 or DBP80–90mmHg) 827(73.77) 425(53.32) 383(39.94) 353(24.58)
Fasting blood glucose <0.001
  Ideal (<100 mg/dl) 948(84.57) 731(91.72) 891(92.91) 1395(97.14)
  Intermediate (100–125 mg/dl) 173(15.43) 66(8.28) 68(7.09) 41(2.86)
  SHSQ-25 score ≥35 119(10.62) 80(10.04) 88(9.18) 102(7.10) 0.012
Table 1. The descriptive characteristics of the participants by quartiles of ideal cardiovascular health metrics. 
§Quartile 1, CVH ≤ 9; Quartile 2, CVH = 10–11; Quartile 3, CVH = 12; Quartile 4, CVH = 13–14. *42 subjects 
provided missing data in variable of income. ⊕Defined as ≥150 min/wk moderate intensity or ≥75 min/wk 
vigorous intensity or ≥150 min/wk moderate + vigorous. ☆Defined as ≥1–149 min/wk moderate intensity or1–
74 min/wk vigorous intensity or1–149 min/wk moderate + vigorous. BMI (body mass index), SBP (systolic blood 
pressure), DBP (diastolic blood pressure), SHSQ-25 (SHS questionnaire 25 items), CVH (cardiovascular health).
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Metrics§ Total
Sex Age
Men Women <45 years ≥45 years
Model 1
 Quartile 1 1.00 1.00 1.00 1.00 1.00
 Quartile 2 0.94(0.70–1.27) 0.78(0.51–1.20) 0.85(0.54–1.34) 1.03(0.74–1.43) 0.61(0.29–1.27)
 Quartile 3 0.85(0.64–1.14) 0.39(0.22–0.70) 0.81(0.53–1.24) 0.81(0.59–1.13) 0.98(0.52–1.87)
 Quartile 4 0.64(0.49–0.85) 0.45(0.26–0.78) 0.50(0.33–0.76) 0.68(0.50–0.93) 0.51(0.28–0.96)
Model 2
 Quartile 1 1.00 1.00 1.00 1.00 1.00
 Quartile 2 0.77(0.56–1.05) 0.78(0.50–1.19) 0.83(0.52–1.32) 0.82(0.58–1.16) 0.53(0.25–1.11)
 Quartile 3 0.63(0.46–0.85) 0.39(0.22–0.70) 0.79(0.51–1.21) 0.58(0.41–0.82) 0.80(0.42–1.56)
 Quartile 4 0.44(0.33–0.60) 0.45(0.26–0.78) 0.49(0.32–0.74) 0.45(0.32–0.63) 0.39(0.21–0.75)
Model 3
 Quartile 1 1.00 1.00 1.00 1.00 1.00
 Quartile 2 0.75(0.55–1.03) 0.78(0.50–1.20) 0.78(0.49–1.26) 0.82(0.58–1.17) 0.51(0.24–0.60)
 Quartile 3 0.64(0.46–0.87) 0.39(0.22–0.70) 0.80(0.52–1.24) 0.62(0.43–0.89) 0.77(0.40–1.50)
 Quartile 4 0.43(0.32–0.59) 0.39(0.22–0.69) 0.50(0.33–0.76) 0.46(0.32–0.66) 0.36(0.18–0.70)
Table 2. Associations of suboptimal health status with score of ideal CVH metrics. §Quartile 1, CVH ≤ 9; 
Quartile 2, CVH = 10–11; Quartile 3, CVH = 12; Quartile 4, CVH = 13–14. *Model 1: Unadjusted; Model 2: 
Adjusted for age and sex; Model 3: Adjusted for age (years), sex, marital status, education level, income level. 
CVH (cardiovascular health).
Metrics Total
Gender Age (years)
Male Female <45 ≥45
Smoking
 Poor 1.00 1.00 1.00 1.00 1.00
 Intermediate 1.18(0.26–5.27) 1.20(0.27–5.43) — 0.93(0.12–7.62) 1.80(0.20–15.94)
 Ideal 0.70(0.50–0.99) 0.68(0.47–0.98) 0.75(0.25–2.29) 0.73(0.50–1.06) 0.67(0.30–1.52)
BMI
 Poor 1.00 1.00 1.00 1.00 1.00
 Intermediate 0.76(0.41–1.43) 1.15(0.44–3.00) 0.47(0.20–1.14) 0.72(0.36–1.43) 1.00(0.21–4.77)
 Ideal 0.69(0.37–1.28) 0.88(0.34–2.30) 0.48(0.21–1.12) 0.56(0.28–1.10) 1.58(0.35–7.11)
Physical activity
 Poor 1.00 1.00 1.00 1.00 1.00
 Intermediate 0.90(0.63–1.27) 0.70(0.40–1.20) 1.04(0.65–1.64) 0.94(0.65–1.37) 0.61(0.23–1.66)
 Ideal 0.68(0.54–0.86) 0.50(0.34–0.73) 0.81(0.60–1.09) 0.72(0.56–0.94) 0.54(0.32–0.91)
Diet
 Poor 1.00 1.00 1.00 1.00 1.00
Intermediate 0.65(0.51–0.84) 0.70(0.48–1.02) 0.62(0.44–0.87) 0.71(0.54–0.94) 0.49(0.27–0.89)
 Ideal 0.31(0.22–0.45) 0.35(0.18–0.65) 0.29(0.19–0.45) 0.34(0.23–0.51) 0.27(0.11–0.52)
Total cholesterol
 Intermediate 1.00 1.00 1.00 1.00 1.00
 Ideal 0.98(0.72–1.32) 1.03(0.65–1.63) 0.98(0.65–1.47) 1.07(0.73–1.56) 0.78(0.45–1.32)
Blood pressure
 Intermediate 1.00 1.00 1.00 1.00 1.00
 Ideal 1.49(1.17–1.89) 2.00(1.38–2.90) 1.23(0.90–1.68) 1.67(1.27–2.20) 1.01(0.61–1.67)
Fasting blood glucose
 Intermediate 1.00 1.00 1.00 1.00 1.00
 Ideal 0.81(0.55–1.20) 0.90(0.49–1.67) 0.76(0.45–1.28) 0.78(0.48–1.27) 0.78(0.40–1.52)
Table 3. Associations of suboptimal health status with each component of cardiovascular health metric, 
adjusted odds ratio (95% confidence interval)§. §The following potential confounders were adjusted for each OR: 
gender, age, marital status, alcohol use, income level, education level and the six cardiovascular health metrics. 
BMI (body mass index).
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association between SHS and blood pressure remains unexplained, which need to be further validated in large 
sample-size cross-sectional or longitudinal designed studies.
Although our study includes a large sample size and adjustment for a variety of potential confounders, several 
limitations should be noted. Firstly, the design of cross-sectional study makes it hard to infer the causal-effect 
relationship between SHS and CVH metrics, which need be validated in prospective cohort studies or clinical 
trials. Secondly, dietary intake was defined based on salt intake instead of an established food frequency ques-
tionnaire, and thus may result bias. Secondly, all participants in this study were from the COCAS in Jidong com-
munity of mining industry with relatively high income status and attained higher education when compared to 
the general Chinese population. Therefore, our results are limited in generalization to the general population in 
China. Finally, we did not collect sufficient information on the pre- or post-menopause status of women, which 
appears to be a potential factor of SHS in women.
Conclusions
Higher ideal CVH metrics are associated with a lower prevalence of SHS. The evaluation of SHS combined with 
the analysis of CVH metrics allows the risk classification of cardiovascular disease, which may consequently con-
tribute to the prevention of cardiovascular diseases.
Methods
Ethics Statement. The study was conducted according to the guidelines of Helsinki Declaration. Ethical 
approvals were obtained from the Ethics Committee of Capital Medical University. Written informed consents 
were obtained from all participants.
Participants. All 4313 participants (60.30% women) aged range from 18 to 65 years old were recruited from 
COACS12. Including and excluding criteria can be referred to our previous publication12. Briefly, we included all 
adults (from 18 to 64 years old) participated in the baseline investigation and excluded these currently suffering 
from diabetes, hypertension, self-reported hyperlipemia, cardiovascular or cerebrovascular conditions (includ-
ing self-reported atrial fibrillation, atrialflutter, heart-failure, myocardial infarction, transient ischaemic attack, 
and stroke), any type of cancer and gout. From 2013 to 2014, all participants underwent a standardized physical 
examination, including medical history, anthrophysical measures, blood hematology and biochemistry analysis, 
rest electrocardiography, abdominal ultrasonography, and all participants were asked to complete the SHSQ-25 
under the instructions of well-trained researchers.
Determination of SHS. The SHS score was measured using SHS questionnaire 25 items (SHSQ-25), a 
self-reported survey tool validated in various populations2,7,11,22,23. SHSQ-25 consists of 25 items of 5 domains of 
1) fatigue, 2) the cardiovascular system, 3) the digestive tract, 4) the immune system and 5) mental status. A score 
≥35 represents a SHS and <35 represent an ideal health1,12,23.
Assessment of Cardiovascular Health Metrics. According to the guidelines by America Heart 
Association, we defined the 7 CVH metrics at 3 levels: “ideal”, “intermediate” and “poor”13. Data on smoking, 
physical activity and dietary intake were collected via questionnaire12. Smoking metric was classified as ideal 
(never or quit-smoking >12 months); intermediate (former-smoking ≤12 months) or poor (current smok-
ing). Physical activity was classified as ideal (≥150 min/week of moderate intensity or ≥75 min/week of vigor-
ous intensity), intermediate (1–149 min/week of moderate intensity or 1–74 min/week of vigorous intensity), 
or poor (none). Referred to our previous literatures24,25, dietary intake, mainly based on salt consumption, were 
graded into ideal (<6 g per day), intermediate (6–10 g per day) or poor (>10 g per day). BMI was classified as 
ideal (<25 kg/m2), intermediate (25–29.9 kg/m2) or poor (≥30 kg/m2). Blood pressure was classified as ideal (SBP 
<120 mmHg and DBP < 80 mmHg and untreated), intermediate (SBP 120–139 mmHg or DBP 80–89 mmHg or 
treated to goal), or poor (SBP ≥ 140 mmHg or DBP ≥ 90 mmHg). FBG was classified as ideal (<100 mg/dL and 
untreated), intermediate (100–125 mg/dL or treated to goal), or poor (≥126 mg/dL). TC was classified as ideal 
(<200 mg/dL and untreated), intermediate (200 to 239 mg/dL or treated to goal), or poor (≥240 mg/dL).
Statistical Analyses. Normality distributions of continuous variables were tested by the Kolmogorov 
Smirnov tests. Continuous variables underlying normal distribution were described with mean together with 
standard deviation (SD) and compared using ANOVA, otherwise using nonparametric methods. Categorical 
variables were described with percentages and compared using Chi-square test. Logistic regression was used to 
analyze the association between each CVH metric and presence of SHS, and the result was presented using the 
odds ratios (ORs) and 95% confidence interval (CI), adjusted for age, gender, marital status, alcohol use, income 
level, and education level in the models.
To assess the association between ideal CVH metrics with SHS, we calculated a summary score of ideal CVH 
metrics. Each CVH metric was assigned a score as follows: “poor” was coded as “0”, the “intermediate” was coded 
as “1”, and “ideal” was coded as “2”. The summary score of ideal CVH metrics for each individual was the sum 
of the scores of his/her 7 CVH metrics. In the logistic regression models estimating the association between the 
summary score of CVH and SHS, the summary score was entered in the models as quartiles (with the lowest 
quartile as the reference). In addition, we estimated the association between CVH metrics and SHS stratified by 
gender and age groups.
All statistical tests were 2-sided with the significant P level set at 0.05. All analyses were performed using SAS 
9.4 (SAS Institute, Cary, North Carolina, USA).
Data availability statement. All relevant data are published within the paper and its supporting additional files.
www.nature.com/scientificreports/
6SCIENTIfIC REPORtS | 7: 14975  | DOI:10.1038/s41598-017-15101-5
References
 1. Yan, Y. X. et al. Development and evaluation of a questionnaire for measuring suboptimal health status in urban Chinese. J Epidemiol 
19, 333–341 (2009).
 2. Wang, W., Russell, A. & Yan, Y. Global Health Epidemiology Reference Group (GHERG). Traditional Chinese medicine and new 
concepts of predictive, preventive and personalized medicine in diagnosis and treatment of suboptimal health. EPMA J 5(1), 4 
(2014). Erratum in: EPMA J 5(1), 12 (2014).
 3. Bermingham, S. L., Cohen, A., Hague, J. & Parsonage, M. The cost of somatisation among the working-age population in england 
for the year 2008–2009. Mental Health Family Med 7, 71–84 (2010).
 4. Xie, Y. et al. Exploration on the common characters of sub-healthy people based on clinical epidemiology. Chin J Integ Trad West 
Med 26, 612–616 [In Chinese] (2006).
 5. Zou, J., Shi, H., Cai, Y. & Zhao, H. Epidemiologic study on basic tcm syndrome in the subhealth population in the zhengzhou area. 
Chin J Integ Trad West Med. 28, 610–613 [In Chinese] (2008).
 6. Wang, Z. et al. Epidemiological characteristics of the incidence and risk factors for subhealth in the citizens at chongwen district of 
Beijing. J Clin Rehab Tissue Eng Res 12, 2937–2941 [In Chinese] (2008).
 7. Yan, Y. X. et al. Association of suboptimal health status and cardiovascular risk factors in urban Chinese workers. J Urban Health 89, 
329–338 (2012).
 8. Bi, J. et al. Association of lifestyle factors and suboptimal health status: a cross-sectional study of Chinese students. BMJ Open 4(6), 
e005156 (2014).
 9. Chen, J. et al. Associations between breakfast eating habits and health-promoting lifestyle, suboptimal health status in Southern 
China: a population based, cross sectional study. J Transl Med 12, 348 (2014).
 10. Wu, S. et al. Work-Recreation Balance, Health-Promoting Lifestyles and Suboptimal Health Status in Southern China: A Cross-
Sectional Study. Int J Environ Res Public Health 13(3), E339 (2016).
 11. Kupaev, V., Borisov, O., Marutina, E., Yan, Y. X. & Wang, W. Integration of suboptimal health status and endothelial dysfunction as 
a new aspect for risk evaluation of cardiovascular disease. EPMA J 7(1), 19 (2016).
 12. Wang, Y. et al. China suboptimal health cohort study: rationale, design and baseline characteristics. J Transl Med 14(1), 291 (2016).
 13. Lloyd-Jones, D. M. et al. Defining and setting national goals for cardiovascular health promotion and disease reduction: The 
american heart association’s strategic impact goal through 2020 and beyond. Circulation 121, 586–613 (2010).
 14. Chiuve, S. E., McCullough, M. L., Sacks, F. M. & Rimm, E. B. Healthy lifestyle factors in the primary prevention of coronary heart disease 
among men: Benefits among users and nonusers of lipid-lowering and antihypertensive medications. Circulation 114, 160–167 (2006).
 15. Ford, E. S., Greenlund, K. J. & Hong, Y. Ideal cardiovascular health and mortality from all causes and diseases of the circulatory 
system among adults in the united states. Circulation 125, 987–995 (2012).
 16. Chen, J. et al. The Role of Healthy Lifestyle in the Implementation of Regressing Suboptimal Health Status among College Students 
in China: A Nested Case-Control Study. Int J Environ Res Public Health 14(3), E240 (2017).
 17. Zhang, X. et al. Total and abdominal obesity among rural Chinese women and the association with hypertension. Nutrition 28(1), 
46–52 (2012).
 18. Saladini, F. et al. Effects of smoking on central blood pressure and pressure amplification in hypertension of the young. Vasc Med 
21(5), 422–428 (2016).
 19. Committee on the Diagnostic Criteria for Myalgic Encephalomyelitis/Chronic Fatigue Syndrome, Board on the Health of Select 
Populations, Institute of Medicine. Beyond Myalgic Encephalomyelitis/Chronic Fatigue Syndrome: Redefining an Illness. 
Washington (DC): National Academies Press (US) (2015).
 20. Frith, J. et al. Impaired blood pressure variability in chronic fatigue syndrome-a potential biomarker. QJM 105(9), 831–838 (2012).
 21. Wyller, V. B., Barbieri, R. & Saul, J. P. Blood pressure variability and closed-loop baroreflex assessment in adolescent chronic fatigue 
syndrome during supine rest and orthostatic stress. Eur J Appl Physiol 111(3), 497–507 (2011).
 22. Yan, Y. X. et al. Association of suboptimal health status with psychosocial stress, plasma cortisol and mrna expression of 
glucocorticoid receptor alpha/beta in lymphocyte. Stress 18, 29–34 (2015).
 23. Wang, W. & Yan, Y. Suboptimal health: a new health dimension for translational medicine. Clin Transl Med 1(1), 28 (2012).
 24. Yan, N. et al. Association of Ideal Cardiovascular Health and Brachial-Ankle Pulse Wave Velocity: A Cross-Sectional Study in 
Northern China. J Stroke Cerebrovasc Dis 25(1), 41–8 (2016).
 25. Zhang, N. et al. Association of ideal cardiovascular health metrics and cognitive functioning: the APAC study. Eur J Neurol 23(9), 
1447–54 (2016).
Acknowledgements
This work was supported by grants from the National Natural Science Foundation of China (NSFC) (81673247, 
81473057, 81370083), the Joint Project of the Australian National Health & Medical Research Council (NHMRC) 
and the NSFC (NHMRC APP1112767, NSFC 81561128020), and Beijing Nova Program (Z141107001814058).
Author Contributions
Y.Z., W.W. and Y.W. conceived the study. Y.W., X.L., H.W., J.Q., D.L., Z.Z., Q.S., X.W. and M.S. performed the 
investigation and collected the data. Y.W. and X.L. performed the statistical analysis. Y.W. and Y.Z. wrote the 
paper. All authors read and approved the final manuscript.
Additional Information
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017
